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Understanding Particle-Induced Health Effects Begins With
Understanding the Lung




Acute Respiratory Tract Injury




Ambient Particles Are A Complex Mixture
of Soluble and Insoluble Components.

Insoluble components can
accumulate over time leading to
chronic inflammation and disease
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kines and Chemokines
ed by cells of the innate
Immune system can enter
systemic circulation
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Acute Phase Response
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Measures of Lung Injury




Measures of Lung Injury (Cont.)




Measures of Lung Injury (Cont.)



Measures of Lung Injury (Cont.)




Measures of Lung Injury (Cont.)




Measures of Lung Injury (Cont.)




e Initial study that showed although particle size was
Important, DOSE was most likely the critical factor,
and that inflammation and oxidative stress were
associated with cardiovascular changes.

e This study that showed that ozone effects were
Important in single day exposures, but particles
could have an independent effect in 3-day episodes.

e A pilot study that showed that rats exposed to
ambient particles behaved similarly to rats exposed
to laboratory-generated particles.



Components 300 ng/m’
200 ng/m’

0.2 ppm

Large 1.2 nfm MMAD 3.2 GSD

Fine 0.6 rmm MMAD 2.8 GSD

Ultrafine 0.09 CMD




Respiratory Burst Activity In Macrophages
from Aged Rats




eTerminal bronchioles
stained for
nitrotyrosine

eNote intense
staining associated
with inflammatory
cells in Panel B.

*Note unstained
alveolar epithelium in
control (Panel A).




Heart Rate Changes 24-hr Fost Exposure

Fine  Coarse
Particle Size Range

Ultrafine

Control
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It Is Important that we examine these data in
terms of dose!




Particle Deposition in the Rat

e Nasal deposition is
markedly greater for the
Coarse Patrticles.

e Deposition in the gas
exchange region of the
lung increases with
decreasing particle
size.

% Deposited



e Thoracic deposition can
be estimated USing Figure 2. Estimated Regional Particle Deposition in the Rat
appropriate models
after correcting for
nasal deposition.

e Of the aerosol that
penetrates through the
URT, most deposit in
the gas exchange
region.
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e \We can estimate Young Rats Senescent Rats
deposition fractions
using models.

e \\We can estimate
ventilation from
observations or scaling

models.

e \We can calculate a
deposited dose.
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Change in Blood Pressure (mm Hg)

Fre to Post-Exposure

Pre to Post-Exposura
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Deposited Dose (ug)




This Experiment




Methods (Exposure)




Methods (Endpoints)




Single Day Exposures




Single Day vs. Multiple Day Exposures
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but did not show Progressive Changes
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Heart Rate did not Show Significant Changes

o Pre FA Exposure

® Post

beats per minute

PM Exposure
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Double Product Was Reduced After PM
Exposures but not After FA Exposures
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Stress-induced changes in body temperature
were examined for possible confounding effects
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Seconds
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Heart Rate Variability Showed Cumulative Effects
of 3-Day Exposures
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Comparison to Human Study




Human Regional Particle Deposition Estimated deposition in rat and human
'”":' lungs as a function of Mass Median
Aerodynamic Diameter ( =Total
o 4 Deposition, = Upper Respiratory
Tract Deposition [non-thoracic],

= Tracheobroncheal
Deposition,?=Gas Exchange Region
Deposition [Alveolar]).
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Approximately 5% of inhaled particles
with an MMAD of 0.7 um would deposit
in the gas exchange region of the rat’s
. : lung while approximately 8% would
e I deposit in the comparable region of the
human lung.







